(19) 



(12 
(45 



(21 
(22 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 







(11) 



EP 0 624 868 B1 



EUROPEAN PATENT SPECIFICATION 



Date of publication and mention 
of the grant of the patent: 
22.08.2001 Bulletin 2001/34 

Application number 94107386.8 

Date of filing: 11.05.1994 



(51) Intel/: G11B 5/39, G01R 33/06, 
H01F 10/08, H01L 43/10 



(54 



Magnetoresistance effect elements and method of fabricating the same 

Magnetoresistive Elemente und Herstellungsverfahren dafur 
Elements magneto-resistifs et procede de fabrication 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 13.05.1993 JP 11082593 
17.11.1993 JP 28803193 

(43) Date of publication of application: 
17.11.1994 Bulletin 1994/46 

(73) Proprietor: NEC CORPORATION 
Tokyo (JP) 

(72) Inventor: Yamamoto, Hidefumi, NEC Corporation 
Tokyo (JP) 

(74) Representative: Glawe, Delfs, Molf & Partner 
Patentanwalte 

Postfach 26 01 62 
80058 Munchen (DE) 



m 

00 
CO 
00 

CM 
CO 



CL 
LU 



(56) References cited: 
EP-A- 0 483 373 
EP-A- 0 498 640 



EP-A- 0 498 344 
EP-A- 0 538 871 



• IEEE TRANSLATION JOURNAL ON MAGNETICS 
IN JAPAN, vol. 7, no. 9, 1 September 1992, pages 
674-684, XP000348904 YAMAMOTO H ET AL: 
"MAGNETORESISTANCE OF MULTILAYERS" 

• 13TH. INT. COLL. ON MAGNETIC FILMS AND 
SURFACES, 26 - 30 August 1991, GLASGOW, 
GB, pages 238-239, XP000252398 SHINJO T. ET 
AL.: "New Magneto-Transport Phenomena of 
Multilayer Films with Two Magnetic 
Components" 

• PATENT ABSTRACTS OF JAPAN vol. 016, no. 
567 (E-1296), 8 December 1992 & JP-A-04 218982 
(RES INST FOR PROD DEV), 10 August 1992, 

• BOLTON W.: "Electric and Magnetic Properties 
of Materials" 1992 , LONGMAN SCIENTIFIC AND 
TECHNICAL , HARLOW, UK XP002002343 * page 
126; table 5.2 *. 

• EVETTS J.: "Concise Encyclopaedia of Magnetic 
and Superconducting Materials" 1992 , 
PERGAMON PRESS , OXFORD, UK 
XP002002344 * page 256; table 1 * * page 252; 
table 2 * 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 

BEST AVAILABLE COPY 



I 



I 



EP 0 624 868 B1 

Description . 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention relates to a magnetoresistance effect element or magnetoresistive element for reading 
magnetic field intensity as signals in a magnetically recorded medium and a method of fabricating the same, and in 
more particular to a magnetoresistance effect element which is fabricated with a magnetoresistive film having high rate 
10 of change in resistance in a small external magnetic field and a method of fabricating the same. 

2. Disclosure of the Related Art 

[0002] In these years, in association with an advance in a high sensitivity in magnetic field sensors and a high density 
15 in magnetic recordings, the development of magnetic field sensors of magnetoresistance effect type (hereinafter re- 
ferred to as "MR sensor") and magnetic heads of magnetoresistance effect type (hereinafter referred to as "MR head") 
arises increasingly. The MR sensor and MR head read external magnetic signals through the resistance change in a 
reading sensor part comprising a magnetic material. However, in the MR sensor and MR head, the relative speed 
thereof with respect to a magnetic recording medium does not depend on a regenerative or reproducing output and 
20 thus the MR sensor achieves a high sensitivity and the MR head attains a high output even in case of a high density 
magnetic recording. 

[0003] Recently, a magnetoresistance effect element comprising two or more of magnetic thin layers which are 
stacked with intervening a non-magnetic thin layer therebetween, wherein adjacent magnetic thin layers through the 
non-magnetic thin layer have different coercive forces and the element exhibits a large magnetoresistance change in 
25 a small external magnetic field, has been taught in Unexamined Japanese Patent Publication Hei 4-21 8982 (EP 0 483 
373 A1). This magnetorsistance effect element has a high resistance change rate of several % to several tens % in a 
small external magnetic field of the order of several Oe to several tens Oe. 

[0004] The magnetoresistance effect element as described in the above publication can be operated by application 
of the small external magnetic field. However, if the element is used for practical sensors and magnetic heads, it was 
30 necessary to set bias layers on the upper and lower sides of the element or to apply an external bias magnetic field 
thereto. 

SUMMARY OF THE INVENTION 

35 [0005] Accordingly, an object of the present invention is to provide a magnetoresistance effect element in which the 
resistance change is achieved in the neighborhood of zero magnetic field even if bias mechanism does not exist. 
[0006] This object is achieved by a magnetoresistance effect element as defined in claim 1 and a method as defined 
in claim 1. 

[0007] The foregoing and other objects and features of this invention will be apparent from the following description. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

45 FIG. 1 is a schematic B-H curve which explains function principles of a magnetoresistance effect element according 

to the present invention; 

FIG. 2 is a schematic MR curve which explains function principles of a magnetoresistance effect element according 
to the present invention; 

FIG. 3 is a partially omitted and schematically cross-sectional view of a magnetoresistance effect element according 
50 to the present invention; 

FIG. 4 is a schematic B-H curve of an artificial superlattice film in a magnetoresistance effect element according 
to the present invention; 

FIG. 5 is a schematic MR curve of an artificial superlattice film in a magnetoresistance effect element according 
to the present invention; and 

55 FIGS. 6A, 6B and 6C are schematic MR curves of artificial superlattice films in a magnetoresistance effect element 

according to the present invention, respectively. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] The present invention will be hereinafter described in more detail with reference to the accompanying draw- 
ings. 

5 [0010] A kind of the magnetic material to be used as the magnetic thin film in the present invention is not particularly 
limited. Preferred examples are Fe, Ni, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd and the like. As alloys or compounds 
comprising such element, for instance, Fe-Si, Fe-Ni, Fe-Co, Fe-Gd, Ni-Fe-Co, Ni-Fe-Mo, Fe-AI-Si(Sendust etc.), Fe- 
Y, Fe-Mn, Cr-Sb, Co base amorphous alloys, Co-Pt, Fe-AI, Fe-C, Mn-Sb, Ni-Mn, Co-O, Ni-O, Fe-O, Ni-F, ferrites and 
the like are preferred, 

10 [001 1] In the present invention, two or more magnetic materials having different coercive forces are selected from 
the above-mentioned materials to form the magnetic thin film layers. Particularly, the present invention is realized by 
selecting, as the material having smaller coercive force of the above two materials different coercive force, the materials 
having an anisotropy magnetic field larger than the coercive force. 

[0012] The anisotropy magnetic field can be increased, for instance, by thinning a thickness of the film. For instance, 
15 the anisotropy magnetic field Hk larger than the coercive force He can be achieved by obtaining a NiFe film having a 
thickness of the order of 0.8-1.5 nm (8-15 angstroms). 

[0013] In general, if the width of a magnetic thin film is reduced by patterning, shape anisotropy Hd due to a diamag- 
netic field appears. This shape anisotropy Hd is in inverse proportion to the pattern width W and thus increases as the 
pattern width gets narrower. In an artificial superlattice magnetic thin layer, such shape anisotropy Hd appears in the 

20 same manner as mentioned above. Furthermore, in the artificial superlattice layer, the magnetic layer and non-magnetic 
layer are stacked alternately and the magnetic thin layers are magnetostatically connected to one another at the ends. 
The magnetostatic connection is influenced considerably as the pattern width W gets narrower. In fact, a magnetic 
field region, at which the magnetization in the magnetic thin layer is inverted, is shifted depending on these influences 
by making the pattern width W narrower and thus it is possible to achieve the anisotropy magnetic field Hk larger than 

25 the coercive force He. 

[0014] The above-mentioned magnetorsistance effect element can be fabricated by forming the above magnetic thin 
film layers in a magnetic field so that an easy axis of each magnetic thin film layer is perpendicular to a direction of a 
signal magnetic field to be applied and so that the coercive forces HC2 and HC3 and anisotropy magnetic field Hk 2 of 
the respective adjacent magnetic thin film layers in the direction of the signal magnetic field to be applied satisfy an 
30 inequality: HC2 < Hk 2 < HC3. 

[0015] The thin film layer may be formed by vapor deposition, sputtering, molecular beam epitaxy (MBE) and the 
like. As the substrate, glass, silicon, MgO, GaAs, ferrite, CaTiO and the like can be used. 

[001 6] The upper limit of a thickness of each magnetic thin film layer is about 20 nm (200 angstroms), while the lower 
limit of the layer thickness is not specially limited. However, if the layer thickness is less than 0.4 nm (4 angstroms), a 

35 Curie temperature is lower than room temperature so that the element cannot be practically used. If the layer thickness 
is 0.4 nm (4 angstroms) or more, the layer thickness can be easily made uniform, a layer quality is improved and 
saturation magnetization is not excessively decreased. Though the effect is not deteriorated when the layer thickness 
is more than 20 nm (200 angstroms), it is not increased as the layer thickness increases, and the production of such 
thick layer is wasteful and uneconomical. 

40 [0017] The coercive force of each magnetic layer varies with the intensity of the external magnetic field applied to 
the element or the required resistance change rate and is conveniently selected from the range, for instance, between 
about 0.08 £l (0.001 Oe) and about 8-1 0 5 (10 kOe). A ratio of the coercive forces of the adjacent magnetic thin film 
layers is from 1.2:1 to 100:1, preferably from 5:1 to 50:1, more preferably from 8:1 to 20:1. 

[0018] Since the magnetic characteristics of each magnetic thin layer present in the magnetoresistance effect ele- 

45 ment cannot be directly measured, in general, they are measured as follows: 

[001 9] The magnetic thin film layers to be measured are vapor deposited alternately with the non-magnetic thin film 
layers till the total thickness reaches about 20 to 40 nm (200 to 400 angstroms) to produce a sample for measurement, 
and its magnetic characteristics are measured. In this case, the thickness of each magnetic thin layer, the thickness 
of each non-magnetic thin layer and the composition of the non-magnetic thin layer are the same as those in the 

50 magnetoresistance effect element. 

[0020] The non-magnetic thin layer acts as a material for decreasing a magnetic interaction between the magnetic 
thin layers having the different coercive forces and its kind is not particularly limited. The non-magnetic material can 
be selected from various metallic or semimetallic non-magnetic materials or non-metallic non-magnetic materials. 
[0021] Preferred examples of the metallic non-magnetic material are Au, Ag, Cu, Pt, Al, Mg, Mo, Zn, Nb, Ta, V, Hf, 

55 Sb, Zr, Ga, Ti, Sn, Pb or their alloys. Preferred examples of the semimetallic non-magnetic material are Si, Ge, C, B 
and a composite or mixture material of at least one of these elements and other element. Preferred examples of the 
non-metallic non-magnetic material are Si0 2 , SiO, SiN, Al 2 0 3 , ZnO, MgO, TiN and a composite or mixture material of 
at least one of these materials and other element. 
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[0022] It is preferred that a thickness of the non-magnetic thin layer is not more than 20 nm (200 angstroms). If this 
thickness exceeds 20 nm (200 angstroms), the strength of the resistance is determined by the non-magnetic thin layer - 
or layers, so that the scattering effect depending on spins is relatively reduced and then the magnetoresistance change 
rate is decreased. If this thickness is less than 0.4 nm (4 angstroms), the magnetic interaction between the magnetic 
5 thin layers becomes too large and it is impossible to avoid generation of magnetically direct contact state (pinholes) 
because it is difficult to generate an antiparallel state in the directions of the magnetization of the adjacent magnetic 
thin layers. 

[0023] The thickness of each of the magnetic and non-magnetic thin layers can be measured by a transmittance 
electron microscope, a scanning electron microscope, Auger electron spectroscopy and the like. A crystal structure of 
10 the thin layer can be identified by X-ray diffraction, high-energy electron diffraction such as reflection high-energy 
electron diffraction(RHEED) and the like. 

[0024] In the magnetoresistance effect element according to the present invention, the number of the laminated or 
stacked artificial superlattice layers N is not critical, and is conveniently determined according to the desired magne- 
toresistance change rate and the like. To obtain a sufficient magnetoresistance change rate, N is preferably at least 2. 
15 As the number of the laminated layers increases, the resistance change rate increases though the productivity de- 
creases. When N is too large, the resistance of the whole element excessively decreases so that the practical use of 
the element may be difficult. In general, N is 50 or less. 

[0025] In the above discussion, two magnetic thin film layers having different coercive forces are used. It is possible 
to use three or more magnetic thin film layers having different coercive forces, whereby two or more external magnetic 
20 fields at which the directions of the magnetization are inverted can be set, so that a range of acting magnetization 
strength can be increased. 

[0026] On the surface of the uppermost magnetic thin layer, an oxidation-inhibiting film made of, for instance, silicon 
nitride or silicon oxide may be provided, or a metallic conductive film for the formation of an electrode may be provided. 
[0027] In the magnetoresistance effect element according to the present invention, it is essential that the adjacent 

25 magnetic thin layers through the non-magnetic thin layer have different coercive forces, because the principle of the 
present invention is based on the fact that, when the directions of the magnetization in the adjacent magnetic thin 
layers are opposite each other, the element has the largest resistance. Namely, in the present invention, as shown in 
FIG. 1, when an external magnetic field lies between the coercive force HC2 of one magnetic thin layer and the coercive 
force HC3 of another magnetic thin layer (HC2 < H < Hc 3 ), the directions of the magnetization in the adjacent magnetic 

30 thin layers are opposite each other so that the resistance increases. 

[0028] In addition, it is essential that the anisotropy magnetic field Hk 2 is larger than the coercive force HC2. However, 
it is not preferred that Hk 2 is larger than the coercive force Hc 3 because the directions of the magnetization in the 
magnetic thin layers cannot lie in an antiparallel state and thus the sufficient resistance change cannot be achieved. 
[0029] Now, the relationship among the external magnetic field, the coercive force and the directions of the magnet- 

35 ization is explained. 

[0030] For simplicity, the explanation will be made by making reference to an element including two magnetic thin 
layers 2 and 3 having different coercive forces through the non-magnetic thin layer. 

[0031] As shown in FIG. 1 , the coercive forces He of two magnetic layers are HC2 and Hc 3 (0<Hc2<Hc3), and saturation 
magnetic field (or apparent saturation magnetic field) in the magnetic thin layer 2 is Hl^ (0 < Hc 2 < Hk 2 < Hc 3 ). 

40 [0032] First, the external magnetic field H is applied so that H is smaller than -Hem (Hem being an external magnetic 
field at which they magnetization of the magnetic thin layer 3 is saturated). In this state, the directions of the magnet- 
ization of the magnetic thin layers 2 and 3 are in the same negative(-) direction as that of H (I). 
[0033] Next, as the external magnetic field is reduced, in the region (II) wherein -Hk 2 < H < Hk 2> the magnetization 
in the magnetic thin layer 2 rotates continuously, and in the region (III), wherein Hk 2 < H < Hc 3 , the direction of the 

45 magnetization in the layer 2 is completely inverted. Thus, the directions of the magnetization in the layers 2 and 3 are 
opposite each other. 

[0034] As the external magnetic field is increased to the region (IV) wherein H^ < H, the direction of the magnetization 
of the magnetic thin layer 3 is inverted so that the directions of the magnetization of the magnetic thin layers 2 and 3 
are both in the positive(+) direction. 

50 [0035] Thereafter, when the external magnetic field H is decreased, in the region (IV) wherein Hk 2 < H, the directions 
of the magnetization of the both magnetic thin layers 2 and 3 are still in the positive direction, but in the region (V) 
wherein -Hk 2 < H < Hk 2 , the magnetization of the magnetic thin layer 2 rotates continuously and in the region (VI) 
wherein -Hc 3 < H < -Hk 2 , the direction of the magnetization of the magnetic thin layer 2 is completely inverted so that 
the directions of the magnetization of the magnetic thin layers 2 and 3 are opposite each other. Furthermore, in the 

55 region (P) wherein H < -Hc^, the magnetization of the magnetic thin layer 3 rotates and the directions of the magneti- 
zation of the magnetic thin layers 2 and 3 are both in one direction. Resistance of the layers changes depending on 
the relative directions of the magnetization of the magnetic thin layers 2 and 3. In the regions (II) and (V), the resistance 
changes linearly in the neighborhood of a zero magnetic field. In the regions (III) and (VI), the resistance reaches the 
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maximum value (Rmax). The results are shown in FIG. 2. 

[0036] In the above layers, since there is achieved a resistance change having good linearity in the neighborhood 
of a zero magnetic field, the artificial superlattice magnetoresistance effect element thus fabricated requires no bias 
mechanism. 

5 [0037] The magnetoresistance Bffect element of the present invention will be illustrated by making reference to the 
accompanying drawing. 

[0038] Referring now to FIG. 3, there is shown a partially omitted and schematically cross-sectional view of an ex- 
ample of an artificial superlattice film 1 in the present invention. In FIG. 3 the artificial superlattice film 1 has magnetic 
thin film layers M 1t M 2 , — , M n _., and M n on a substrate 4 through a metallic thin layer 5 and, between adjacent two 
10 magnetic thin film layers, non-magnetic thin layers N lf N 2 , — , N n _ 2 and N n _ v 

[0039] The present invention will be concretely explained by the accompanying drawings and the non-limitative ex- 
amples (including control example) based on experimental results. 
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Example 1 



[0040] A glass plate 4 as a substrate was placed in an ultrahigh vacuum deposition apparatus and the apparatus 
was evacuated to 10r 9 -10- 10 Torr. While rotating the substrate which was kept at room temperature, a chromium thin 
layer having a thickness of 5 nm (50 angstroms) as a metallic thin layer 5 was formed and then an artificial superlattice 
film 1 having the following composition was formed thereon. The superlattice film 1 was grown at a rate of about 0.03 
20 nm/s (0.3 angstroms/sec). 

Composition of artificial superlattice film: 



Cr(50)/[NiFe(8)/Cu(55)/Co(10)/Cu(55)J X 5 (MR ratlo =5.5%) 



Cr(50)/[NiFe(10)/Cu(55)/Co(10)/Cu(55)] X 5 (MR ratjo =6.0%) 



Cr(50)/[NiFe(15)/Cu(55)/Co(10)/Cu(55)] X 5 (MR ratio =6.5%) 



Cr(50)/[NiFe(25)/Cu(55)/Co(10)/Cu(55)] X 5 (MR ratjo =6.1%) 



[0041] In the above compositions, when the composition is expressed, for instance, as Cr(50)/[NiFe(10)/Cu(55)/Co 
(10)/ Cu(55)] X 5, it means that after the Cr thin layer having a thickness of 5 nm (50 angstroms) was formed on the 
glass substrate, a thin layer of an alloy of 80% Ni and 20% Fe having a thickness of 1 nm (10 angstroms), a Cu thin 
layer having a thickness of 5.5 nm (55 angstroms), a Co thin layer having a thickness of 1 nm (10 angstroms) and a 
40 Cu thin layer having a thickness of 5.5 nm (55 angstroms) were successively deposited and the deposition of these 
layers was repeated five times. 

[0042] The magnetization was measured by a vibrating sample magnetometer. The dimension of the sample for MR 
measurement was 0.3 X 10 mm. While applying the external magnetic field in an in-plane direction perpendicular to a 
direction of an electric current, the resistance was measured by a four prove method by changing the external field 
45 from -4.1 0 5 to 4.10 5 A/m (-500 to 500 Oe). and the magnetoresistance change rate AR/R was calculated from the 
measured resistances. The magnetoresistance ratio AR/R was calculated according to the following equation: 

AR = Rmax-Rmin x1Q 
R Rmin x ' 

50 

wherein Rmax is the maximum resistance and Rmin is the minimum resistance. 

[0043] In the above artificial superlattice film which includes the soft magnetic NiFe layer having a thickness of from 
0.8 to 1.5 nm (8 to 15 angstroms), the soft magnetic NiFe layer has an anisotropy magnetic field Hk larger than the 
coercive force He. A B-H curve and a MR curve of this artificial superlattice film are shown in FIGS. 4 and 5, respectively. 
55 it was shown that resistance of the film changed linearly in the neighborhood of a zero magnetic field. In the sample 
in which the NiFe layer is 2.5 nm (25 angstroms thick), the anisotropy magnetic field Hk of the NiFe layer was approx- 
imately equal to the coercive force He. In the film thus obtained, the resistance thereof did not change linearly in the 
neighborhood of a zero magnetic field. 
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Example 2 

[0044] In the same manner as in Example 1 , an artificial superlattice film having the following composition: Cr(50)/ 
[NiFe (20)/Cu(35)/Co(20)/Cu(35)] X 5 (MR rati0 =11%) was produced. An Au layer having a thickness of 240 nm (2400 

5 angstroms) for use in an electrode was deposited thereon. 

[0045] Then, resist was coated on the Au layer and was subjected to a fine processing with a dry etching apparatus 
to form MR patterns having various MR pattern widths. Therefore, the Au layer located at an MR sensing portion was 
removed to obtain samples for measuring the magnetic resistance thereof. The sensing portion of the artificial super- 
lattice film for measurement has the size of 3 X 200 u.m, 5 X 200 ujti, 10 X 200 u.m. 

10 [0046] In the artificial superlattice film having the MR pattern width of 30 urn or less, an apparent anisotropy magnetic 
field Hk of the NiFe layer is larger than the coercive force depending on the influence of a diamagnetic field of the film 
and a magnetostatic interaction between the respective magnetic layers in the artificial superlattice film. MR curves of 
these three artificial superlattice films are shown in FIGS. 6A, 6B and 6C, respectively. As seen from these curves, the 
resistance of each film changed linearly in the neighborhood of a zero magnetic field. In the sample having the MR 

15 pattern width of 30 \ur\ or more, since the influence of a diamagnetic field and magnetostatic connection is relatively 
small, the apparent anisotropy magnetic field Hk of the NiFe layer is approximately equal to the coercive force He and 
thus the resistance of the sample did not change linearly in the neighborhood of a zero magnetic field. 

Example 3 

20 

[0047] In general, it is known that in a NiFe film, uniaxial anisotropy appears on application of a magnetic field in the 
course of deposition. If an external magnetic field is applied to the hard axis of magnetization in the NiFe film having 
the uniaxial anisotropy which appeared on application of the magnetic field in the course of deposition, a B-H curve of 
this NiFe layer has such a magnetic hysteresis that an anisotropy magnetic field Hk is larger than a coercive force He. 
25 Therefore, even in the artificial superlattice film in which the direction of application of the external magnetic field lies 
in the hard axis of magnetization due to deposition in the magnetic field, the resulting magnetoresistance effect element 
has linear change in resistance in the neighborhood of the zero magnetic field. 

[0048] In this example, SmCo magnets were placed on both sides of a glass substrate and deposition of an artificial 
superlattice film was performed in such a state that an external magnetic field of the order of several tens Oe (1 Oe = 

30 79.577 was applied in parallel to the glass substrate. The measurement of a B-H curve on this sample showed that 
the direction of application of the magnetic field in the course of deposition lies in an easy axis of magnetization in an 
artificial superlattice NiFe layer and the anisotropy magnetic field Hk is not very large as compared with the coercive 
force He. However, a direction perpendicular to the direction of application of the magnetic field in the course of dep- 
osition lies in the hard axis of magnetization. Thus, if the external magnetic field is applied to the direction of the hard 

35 axis of magnetization, resistance of the film changed linearly in the neighborhood of the zero magnetic field. 

[0049] The anisotropy magnetic field Hk and the coercive force He change depending on magnetic characteristics 
and anisotropy coefficient of magnetic materials to be used. A NiFeMo material has extremely excellent soft magnetic 
characteristics as compared with the NiFe material. In addition, the coercive force of the former is better than in the 
latter. Thus, in the NiFeMo material, the anisotropy magnetic field Hk is larger than the coercive force He. For this 

40 reason, in an artificial superlattice film having a composition: Cr(50)/[NiFeMo(20)/Cu(55)/Co(20)/Cu(55)] X 5 (MR^. 
tj0 =6.5%), there was fabricated a magnetoresistance effect element'of which resistance changed linearly in the neigh- 
borhood of the zero magnetic field and which required no bias mechanism. 

[0050] As discussed above, the artificial superlattice magnetoresistance effect element according to the present 
invention requires no bias mechanism and attains high reliability. 

45 

Claims 

1. A magnetoresistance effect element comprising a substrate and a plurality of layers of magnetic thin films and 
50 non-magnetic thin films which are stacked alternately on said substrate, adjacent ones of said magnetic thin film 

layers having a non-magnetic thin film layer therebetween and having different coercive forces, whereby a coercive 
force HC2 of one layer of said adjacent magnetic thin film layers is greater than zero and smaller than a coercive 
force Hc 3 of the other layer of said adjacent magnetic thin film layers (0<Hc2<Hc 3 ), characterized in that an 
anisotropy magnetic field Hk 2 is provided in a direction of a signal magnetic field which is applied to the magnetic 
55 thin film layer having said coercive force HC2 which satisfies an inequality: 

Hc 2 <Hk 2 <Hc 3 . 
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2. The magnetoresistance effect element as defined in claim 1 , wherein each of said magnetic thin film layers is 
formed from at least one magnetic material selected from the group consisting of Fe, Ni, Co, Mn, Cr, Dy, Er, Nd, 
Tb, Tm, Ce, Gd and their alloys and compounds. 

5 3. The magnetoresistance effect element as defined in claim 2, wherein said alloy or compound is selected from the 
group consisting of Fe-Si, Fe-Ni, Fe-Co, Fe-Gd, Ni-Fe-Co, Ni-Fe-Mo, Fe-AI-Si, Fe-Y, Fe-Mn, Cr-Sb, Co base Fe- 
Al, Fe-C, Mn-Sb, Ni-Mn, Co-O, Ni-O, Fe-O, Ni-F, ferrites amorphous alloys, Co-Pt, Fe-AI, Fe-C, Mn-Sb, Ni-Mn, 
Co-O, Ni-O, Fe-O, Ni-F and ferrites. 

10 4. The magnetoresistance effect element as defined in claim 1 , wherein a main component in said magnetic thin film 
layer having the coercive force HC2 is selected from the group consisting of Ni-Fe alloy, Ni-Fe-Mo alloy and an 
alloy thereof. 

5. The magnetoresistance effect element as defined in claim 1, wherein a main component in the magnetic thin film 
15 layer having the coercive force Hcj is selected from the group consisting of Ni-Fe alloy, Ni-Fe-Mo alloy and an 

alloy of said Ni-Fe alloy and said Ni-Fe-Mo alloy. 

6. The magnetoresistance effect element as defined in claim 1 , wherein said non-magnetic thin film layer is formed 
from at least one metallic non-magnetic material selected from the group consisting of Au, Ag, Cu, Pt, Al, Mg, Mo, 

20 Zn, Nb, Ta, V, Hf, Sb, Zr, Ga, Ti, Sn, Pb and an alloy thereof. 

7. The magnetoresistance effect element as defined in claim 1, wherein said non-magnetic thin film layer is formed 
from at least one semimetallic non-magnetic material selected from the group consisting of Si, Ge, C, B and a 
composite material of at least one semimetallic non-magnetic material included in said group and another element. 

25 

8. The magnetoresistance effect element as defined in claim 1 , wherein said non-magnetic thin film layer is formed 
from at least one non-metallic non-magnetic material selected from the group consisting of Si0 2 , SiO, SIN, Al 2 0 3 , 
ZnO, MgO, TiN and a composite material of at least one non-metallic non-magnetic material included in said group 
and another element. 

30 

9. A method of fabricating a magnetoresistance effect element in which a plurality of magnetic thin film layers and a 
plurality of non-magnetic thin film layers are formed alternately on a substrate such that adjacent ones of said 
magnetic thin film layers having non-magnetic thin film layer therebetween and having different coercive forces 
whereby a coersive force Hc 2 of one layer of said adjacent magnetic thin film layers is greater than zero and smaller 

35 than a coercive force HC3 of the other layer of said adjacent magnetic thin film layers (0<Hc2<Hc 3 ) characterized 

in that said magnetic thin film layers are formed in a magnetic field so that an easy axis in each magnetic thin film 
layer is perpendicular to a direction of a single magnetic field to be applied, and when forming said plurality of 
magnetic thin film layers and said plurality of non-magnetic thin film layers alternately on said substrate an anisot- 
ropy magnetic field Hk 2 in a direction of a signal magnetic field which is applied to the magnetic thin film layer 

40 having said coercive force Hc^ satisfying inequality: Hc 2 <Hk 2 <Hc 3 is formed. 



Patentanspruche 

45 1. Magnetwiderstandeffekt-Element mit einem Substrat und einer Anzahl von Schichten aus magnetischem Dunn- 
filmen und nichtmagnetischen Dunnfilmen, die abwechselnd auf dem Substrat gestapelt sind, wobei aneinander- 
grenzende magnetische Dunnfilme zwischen sich eine nichtmagnetische Dunnfilmschicht aufweisen und unter- 
schiedliche Koerzitivkrafte besitzen, wobei eine Koerzitivkraft Hc^ einer Schicht der angrenzenden magnetischen 
Dunnfilmschichten grafter als Null ist und kleiner als eine Koerzitivkraft HC3 der anderen Schicht der aneinander- 

50 grenzenden magnetischen Dunnfilmschichten ist (0 < < HC3), 

dadurch gekennzeichnet, dafi ein Anisotropiemagnetfeld Hk 2 in einer Richtung eines Signalmagnetfeldes vorge- 
sehen ist, das an die magnetische Dunnfilmschicht mit der Koerzitivkraft Hc^ angelegt wird, wobei es die Unglei- 
chung: 

55 

Hc 2 < Hk 2 < Hc 3 

erfullt. 
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2. Magnetwiderstandseffektelement nach Anspruch 1, 

wobei jede der magnetischen Dunnfilmschichten aus zumindest eihem magnetischen Material gefertigt ist, das 
aus der Gruppe Fe, Ni, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd und ihrer Legierungen und Verbindungen ausgewahit 
ist. 

5 

3. Magnetwiderstandseffektelement nach Anspruch 2, 

wobei die Legierung oder Verbindung ausgewahit ist aus der Gruppe Fe-Si, Fe-Ni, Fe-Co, Fe-Gd, Ni-Fe-Co, Ni- 
Fe-Mo, Fe-AI-Si, Fe-Y, Fe-Mn, Cr-Sb, Co basiertes Fe-AI, Fe-C, Mn-Sb, Ni-Mn, Co-O, Ni-O, Fe-O, Ni-F, amorphe 
Ferritlegierungen, Co-Pt, Fe-AI, Fe-C, Mn-Sb, Ni-Mn, Co-O, Ni-O, Fe-O, Ni-F und Ferrite. 

■10 

4. Magnetwiderstandselement nach Anspruch 1, 

wobei eine Hauptkomponente in der magnetischen Dunnfilmschicht mit der Koerzitivkraft HC2 ausgewahit ist aus 
der Gruppe Ni-Fe-Legierung, Ni-Fe-Mo-Legierung und ihrer Legierungen. 

15 5. Magnetwiderstandseffektelement nach Anspruch 1, 

wobei eine Hauptkomponente in der magnetischen Dunnfilmschicht mit der Koerzitivkraft HC2 ausgewahit ist aus 
der Gruppe Ni-Fe-Legierung, Ni-Fe-Mo-Legierung und einer Legierung der Ni-Fe-Legierung und der Ni-Fe-Mo- 
Legierung. 

20 6. Magnetwiderstandseffektelement nach Anspruch 1 , 

wobei die nichtmagnetische Dunnfilmschicht aus zumindest einem metallischen nichtmagnetischen Material ge- 
bildet ist, das aus der Gruppe aus Au, Ag, Cu, Pt, Al, Mg, Mo Zn, Nb, Ta, V, Hf, Sb, Zr, Ga, Ti, Sn, Pb und ihrer 
Legierungen ausgewahit ist. 

25 7. Magnetwiderstandseffektelement nach Anspruch 1, 

wobei die nichtmagnetische Dunnfilmschicht aus zumindest einem nichtmagnetischen Halbmetallmaterial ausge- 
bildet ist, das aus der Gruppe Si, Ge, C, B und einem Kompositmaterial aus zumindest einem nichtmagnetischen 
Halbmetallmaterial, das in der Gruppe eingeschlossen ist, und einem weiteren Element ausgewahit ist. 

30 8. Magnetwiderstandseffektelement nach Anspruch 1, 

wobei die nichtmagnetische Dunnfilmschicht aus zumindest einem nichtmetallischen, nichtmagnetischem Material 
gebildet ist, das aus der Gruppe Si0 2 , SiO, SIN, Al 2 0 3 , ZnO, MgO, TIN und einem Kompositmaterial von zumindest 
einem nichtmetallischen, nichtmagnetischem Material, das in der Gruppe eingeschlossen ist, und einem weiteren 
Element ausgewahit ist. 

35 

9. Verfahren zum Herstellen eines Magnetwiderstandseffektelementes, bei dem eine Anzahl von magnetischen 
Dunnfilmschichten und eine Anzahl von nichtmagnetischen Dunnfilmschichten abwechselnd auf einem Substrat 
derart ausgebildet sind, dali angrenzende der magnetischen Dunnfilmschichten nichtmagnetische Dunnfilm- 
schichten zwischen sich aufweisen und unterschiedliche Koerzitivkrafte besitzen, wobei eine Koerzitivkraft Hc^ 
40 einer Schicht der aneinandergrenzenden magnetischen Dunnfilmschichten grolier als Null und kleiner als eine 

Koerzitivkraft Hc 3 der anderen Schicht der angrenzenden magnetischen Dunnfilmschichten aufweist (0 < HC2 < 
Hc 3 ), dadurch gekennzeichnet, daft 

die magnetischen Dunnfilmschichten in einem magnetischen Feld derart gebildet werden, daft eine einfache Achse 
in jeder magnetischen Dunnfilmschicht rechtwinklig zu einer Richtung eines anzulegenden Signalmagnetfeldes 
45 ist und wobei, wenn die Anzahl von magnetischen Dunnfilmschichten und die Anzahl von nichtmagnetischen Dunn- 

filmschichten abwechselnd auf dem Substrat gebildet werden, ein Anisotropiemagnetfeld Hk 2 in einer Richtung 
eines Signalmagnetfeldes gebildet wird, das der magnetischen Dunnfilmschicht mit der Koerzitivkraft Hc2 angelegt 
wird und die Ungleichung HC2 < Hk 2 < Hc 3 erfullt. 

50 

Revendications 

1. Element magnetoresistif comprenant un substrat et une pluralite de couches de films minces magnetiques et de 
films minces non magnetiques qui sont empiles en alternance sur ledit substrat, des couches adjacentes desdites 
55 couches de films minces magnetiques ayant une couche de film mince non magnetique entre elles et ayant des 

champs coercitifs differents, de sorte qu'un champ coercitif Hc^ d'une couche desdites couches de films minces 
magnetiques adjacentes est superieur a zero et plus petit qu'un champ coercitif Hc^ de I'autre couche desdites 
couches de films minces magnetiques adjacentes (0 < Hc^ < Hc 3 ), caracterise en ce qu'un champ magnetique 
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d'anisotropie Hk 2 est defini dans une direction d'un champ magnetique de signal qui est applique a la couche de 
film mince magnetique ayant ledit champ coercitif HC2 qui satisfaita I'inegalite suivante : 

Hc 2 < Hk 2 < Hc 3 . 

Element magnetoresistif selon la revendication 1, dans lequel chacune desdites couches de films minces magne- 
tiques est formee a partir d'au moins une matiere magnetique selectionnee a partir du groupe constitue de Fe, Ni, 
Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd et leurs alliages et composes. 

Element magnetoresistif selon la revendication 2, dans lequel ledit alliage ou compose est selectionne a partir du 
groupe constitue de Fe-Si, Fe-Ni, Fe-Co, Fe-Gd, Ni-Fe-Co, Ni-Fe-Mo, Fe-AI-Si, Fe-Y, Fe-Mn, Cr-Sb, Fe-AI a base 
Co, Fe-C, Mn-Sb, Ni-Mn, Co-O, Ni-O, Fe-O, Ni-F, alliages amorphes de ferrites, Co-Pt, Fe-AI, Fe-C, Mn-Sb, Ni- 
Mn, Co-O, Ni-O, Fe-O, Ni-F et les ferrites. 

Element magnetoresistif selon la revendication 1, dans lequel un composant principal dans ladite couche de film 
mince magnetique ayant le champ coercitif Hc 2 est selectionne a partir du groupe constitue d'un alliage de Ni-Fe, 
d'un alliage de Ni-Fe-Mo et d'un alliage de ces derniers. 

Element magnetoresistif selon la revendication 1, dans lequel un composant principal dans ladite couche de film 
mince magnetique ayant le champ coercitif Hc 2 est selectionne a partir du groupe constitue d'un alliage de Ni-Fe, 
d'un alliage de Ni-Fe-Mo et d'un alliage dudit alliage de Ni-Fe et dudit alliage de Ni-Fe-Mo. 

Element magnetoresistif selon la revendication 1, dans lequel ladite couche de film mince non magnetique est 
formee au moins d'une matiere non magnetique metallique selectionnee a partir du groupe constitue de Au, Ag, 
Cu, Pt, Al, Mg, Mo, Zn, Nb, Ta, V, Hf, Sb, Zr, Ga, Ti, Sn, Pb et un alliage de ces derniers. 

Element magnetoresistif selon la revendication 1, dans lequel ladite couche de film mince non magnetique est 
formee au moins d'une matiere non magnetique semi-metallique selectionnee a partir du groupe constitue de Si, 
Ge, C, B et une matiere composite d'au moins une matiere non magnetique semi-metallique incluse dans ledit 
groupe et d'un autre element. 

Element magnetoresistif selon la revendication 1 , dans lequel ladite couche de film mince non magnetique est 
formee au moins d'une matiere non magnetique non metallique selectionnee a partir du groupe constitue de Si0 2 , 
SiO, SIN, Al 2 0 3 , ZnO, MgO, TiN et une matiere composite d'au moins une matiere non magnetique non metallique 
incluse dans ledit groupe et d'un autre element. 

Procede de fabrication d'un element magnetoresistif dans lequel une pluralite de couches de films minces ma- 
gnetiques et une pluralite de couches de films minces non magnetiques sont formees en alternance sur un substrat 
de sorte que des couches adjacentes desdites couches de films minces magnetiques ayant une couche de film 
mince non magnetique entre elles et ayant des champs coercitifs differents, de sorte qu'un champ coercitif HC2 
d'une couche desdites couches de films minces magnetiques adjacentes est superieur a zero et plus petit qu'un 
champ coercitif Hc 3 de I'autre couche desdites couches de films minces magnetiques adjacentes (0 < HC2 < Hc 3 ), 
caracterise en ce que lesdites couches de films minces magnetiques sont formees dans un champ magnetique 
de sorte qu'un axe privilegie dans chaque couche de film mince magnetique est perpendiculaire a une direction 
d'un champ magnetique simple a appliquer, et lors de la formation de ladite pluralite de couches de films minces 
magnetiques et de ladite pluralite de couches de films minces non magnetiques en alternance sur ledit substrat, 
un champ magnetique d'anisotropie Hk 2 dans une direction d'un champ magnetique de signal qui est applique a 
la couche de film mince magnetique ayant ledit champ coercitif Hcj satisfaisant a I'inegalite suivante : HC2 < Hk 2 
< Hc 3 est forme. 
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FIG. 3 
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FIG. 4 
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